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0 Radio communications systems with fault tolerant frequency hopping synchronization. 



<§) A method for use in multicellular communication 
network system of the type having base stations and 
a plurality of remote stations. The method achieves 
reliable and fault tolerant synchronization between 
the stations in a call when a frequency hopping 
technique is used. The method includes steps for 
acquiring the frequency hop sequence by remote 
station and tracking the frequency hop sequence 
after acquisition in order to stay in synchronism. The 
method also provides for recovering from loss of 
synchronism and for staying in synchronism. 
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1. Reld of the Inveyition 

The present invention relates to communication 
systems, and more particularly to synchronization 
of frequency hopping communication systems 
which are fault-tolerant in the presence of transmis- 
sion errors. 

2. Background of the Invention 

Frequency hopping is a radio communication 
technique in spread-spectrum modulation wherein 
information is transmitted using a sequence of car- 
rier frequencies that change at set times to pro- 
duce a narrow band signal that bounces or hops 
around in center frequency over the available spec- 
trum. 

In a centrally controlled multicellular mobile 
radio communication system based on slow fre- 
quency hopping, each cell has a base station that 
provides the necessary timing and control informa- 
tion received and used by all the remote stations 
that belong to the ceil. 

All stations belonging to a cell, the base station 
and all remote stations that belong to it. must hop 
in synchronism in order to communicate with each 
other at the same frequency. Different cells will 
typically operate on different frequency hopping 
patterns, The control information required for syn- 
chronized frequency hopping is broadcast by the 
base station. A key problem in the operation of a 
frequency-hopping based system is that of main- 
taining hop synchronization between all stations 
that tielong to the same cell. Synchronization must 
be ensured even under conditions of toss of trans- 
mission of control information. The problem off 
maintaining synchronism can be further divided 
into the subproblems of: a) Obtaining initial syn- 
chronism, b) Staying in synchronism and c) Reac- 
quisition of synchronism after temporary loss of 
synchronism. The bafee station may modify at any 
time the frequency hopping pattern (for instance to 
overcome interferences) and the remote stations 
must be able to follow this pattern change in an 
efficient and reliable manner. 

The following references are typical of the 
background art in the field of frequency hopping 
systems and synchronization techniques therefore. 

In U.S. Patent 5.130.987 issued July 14. 1992 
to Rammer entitled "Method For Synchronizing A 
Wide Area Network Without Global Synchronizing", 
a frequency-hopping packet communication system 
without a master clock or master control unit is 
described which is based on use of a receiver's 
frequency hopping timing and identification to con- 
trol communication. A frequency-hopping band 
plan, involving the number of channels and the 
pseudo-random pattern of frequency change and 



nominal timing of changes, is universally known to 
each node in the network. A transmitter acquires 
synchronization with a target node by use of in- 
formation previously received from or about a tar- 
5 get indicating timing of present idle frequency hop 
of the target recover. Each receiving node estab- 
lishes in each station or node a table of receiver 
frequency hopping sequence offsets (hop timing 
offsets) of each other node within its communica- 
10 tion range, and each node announces its commu- 
nication range, and each node announces its pres- 
ence on each frequency in a packet with a hop 
timing offset indicator. The hop timing offset indica- 
tor is a key used to read a table to allow nodes to 
75 set themselves in synchronization with one another. 
A location indicator built into the address of each 
packet is used to randomize an ordered frequency- 
hopping table at each node. Frequency-hopping is 
implemented by the division of communication 
20 slots and the accumulatton of slots into epochs, 
wherein each epoch equals the total number of 
available slots (number off channels times the num- 
ber of time frames per channel). The transmitting 
node tracks the pre-established frequency-hopping 
25 pattern for its target receiver based on previously- 
acquired information. 

U.S. Patent 5.121,408 issued June 9. 1992 to 
Cai et al. entitled "Synchronization For Entry To A 
Network In A Frequency Hopping Communication 
30. System" discloses techniques for synchronization 
of a frequency hopping transceiver to a network by 
embedding synchronization codes in the pseudo- 
random frequency hopping transmission sequence. 
A receiver is implemented with a frequency detec- 
35 tor and a correlator to generate a correlator signal 
in response to the synchronization codes in the 
pseudo-random frequency detector and a correlator 
to generate a correlator signal in response the 
synchronization codes in the pseudo-random fre- 
40 quency hopping transmission sequence. Detection 
of a peak in the correlator signal is indicative of 
synchronization of the receiver with the network. 
The network entry synchronization scheme is such 
that, when two transceivers A and B are commu- 
45 nicating, a third unnetworked transceiver C extracts 
the hidden network entry code pattern from the A-B 
transmission in order to enter the network. As a 
part of the communication between the two tran- 
sceivers A and B. transceiver A transmits a known 
so pattern as a hidden part of the communication 
which allows transceiver C to enter the A-B net- 
work. This hidden code pattern permits rapid syn- 
chronization and correction of large initial time er- 
rors, and permits correction of time drift from then 
55 on. 

U.S. Patent 5,081.641 issued January 14, 1992 
to Kotzin et al. entitled "Interconnecting And Pro- 
cessing System For Facilitating Frequency Hop- 
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ping** discloses a method and apparatus for facili- 
tating comnnunlcation of Information in a system 
without the use of a baseband hopping unit, by 
sharing a common TDM bus between a plurality of 
radio communication units, processing units, and 
infonnatlon links, where the processing units ex- 
tract traffic channel information, packetize and/or 
unpacketize the Information, and return same back 
to the common bus for retrieval by the information 
links or radio communication units. 

U.S. Patent 5.079.768 issued January 7. 1992 
to Rammer entitled "Method For Frequency Shar- 
ing In Frequency Hopping Communications Net- 
work" discloses a frequency hopping communica- 
tions system wherein frequency-hopping is Imple- 
mented by the division of communication slots and 
the accumulation of slots into epochs, wherein 
each epoch equals the total number of available 
slots (number of channels times the number of 
time frames per channel). A transmitting node 
tracks the preestablished frequency-hopping pat- 
tern for its target receiver based on previously- 
acquired Information. The transmission node iden- 
tifies a receiver node. The transmission node then 
- checks the frequency channel to determine if avail- 
able (e.g.. not in use and within an acceptable 
noise margin). If unavailable, the transmission node 
delays transmission to the identified node to a later 
slot. During the delay, the transmission node iden-. 
titles another receiver node and a corresponding 
current frequency channel. The steps of identifying 
a receiver node and checking the corresponding 
current frequency channel are repeated until a 
node having an available frequency channel Is 
identified. The transmission node then sends a 
packet to the selected receiver node at a frequency 
and for a duration defined according to the current 
slot. Such transmission node tracks the changing 
frequency of the selected receiver node to maintain 
frequency synchronization. 

In U.S. Patent '4,850.036 issued July 18, 1989 
to Smith entitled "Radio Communication System 
Using Synchronous Frequency Hopping Transmis- 
sions" a frequency-hopping radio communication 
system is disclosed comprising a control unit which 
transmKs to and receives from each of a plurality of 
slave stations using a frequency-hopping mode of 
operation. During a start-up mode, the control unit 
communicates a starting message to each slave 
station using a predefined frequency. The message 
Identifies to each slave station a frequency-hopping 
sequence to be used to select the frequencies from 
a group of frequencies for transmission to and 
reception from the control unit. This message also 
specifies to each slave station unique starting fre- 
quencies in the frequency-hopping sequence at 
which to t>egin transmitting and receiving. All slave 
station transmission are synchronized to the control 



unit transmissions, thereby preventing any two sta- 
tions from concurrently using the same frequencies 
for either transmitting to or receiving from the con- 
trol unit. 

5 In U.S. Patent 4,612.652 Issued September 16, 

1986 to l^dln entitled "Frequency Hopping Data 
Communication System" an improved frequency 
hopping data communication system with a random 
transmission bandwidth to provide Independent fre- 

10 quency hopping of the mark and space frequency 
is provided in the system vyhich is particularly 
immune to repeater jamming. Only one frequency 
is transmitted at a time upon selection on a bK 
Instant by a pseudo-noise code generator. The 

15 ' . location of the mark and space frequency Is ran- 
domly chosen, however, the location is known at 
the transmitter and the repeater by appropriate' 
synchronization equipment 

20 SUMMARY OF THE INVENTION 

In accordance with the present invention, meth- 
. : ods and structure are provided for achieving reli- 
* able and fault tolerant synchronization t)etween the 
25 stations within a radio communication cell in the 
presence of errors. 

The present invention enables a remote sta- 
tions to acquire an Initial hop pattern after a station 
•.. is powered on and to track the hopping patterns 
30 . after it is initially acquired in order to stay in 
synchronism as long as it is powered on and the 
base station is operable. The present invention also 
provides for the recovery of a station from loss of 
. synchronism that may be caused by transient 
35 propagation conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a pictorial diagram showing a typi- 
40 cal radio digital data communication 

system of the type in which the in- 
vention is Implemented; 
Rg. 1A is a block diagram of the system 
shown in Fig. 1 illustrating the basic 
4S components of a mobile station and 

a base station as known in the art 
Rg. 2 is a block diagram of the radio sys- 
tem used in the implementation of a 
preferred embodiment of the Inven- 
so tion; 

Fig. 3 is a schematic illustration of a time 
frame of a frequency hop used in a 
communication system according to 
the present invention; 
55 Rg. 4 is a schematic illustrations of the In- 
formation included In the header of 
the time frame shown in Rg. 1 ; 
Fig. 5 is an illustration of a flow chart of 
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steps employed in the monitoring 
and selection phases of the synchro- 
nization technique of the present in- 
vention; 

Rg. 6 is an illustration of a flow chart of 
steps employed in the tracking 
phase of the synchronization tech- 
nique of the present invention; 

Fig. 7 is a flow chart of the steps employed 
for locking into a hopping pattern 
and tracking the hopping pattern in a 
synchronization technique according 
to the present invention; 

Fig. 8 is an illustration of a flow chart for a 
memory table based approach for 
maintaining frequency hopping syn- 
chronization according to the princi- 
ples of the present invention; and 

Rg. 9 is an illustration of a frequency hop 
with multiple frames. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Referring now to the drawings, and more par- 
ticularly to Fig. 1. there is shown a typical radio 
system allowing communication between a plurality 
of mobile stations 10, 12, 14. and 16 and applica- 
tions and data residing in a computing system. The 
computing system typically includes a Wireless 
Networi< Manager (WNM) or Wireless Network 
Controller 18, with attached monitor 20 and key- 
board 22. of a local area networt^ (LAN), generally 
indicated by reference numeral 24, having a plural- 
ity of attached woricstations or personal computers 
(not shown for simplicity). Also attached to the LAN 
are one or more gateways 26 and 28 with which 
the mobile stations 10. 12, 14, and 16 commu- 
nicate. These gateways, refenred to as base sta- 
tions, are augmented according to the invention to 
provide certain radi6 system management func- 
tions which coordinate the mobile stations' access 
to the common radio channel. Communications be- 
tween mobile stations is supported via relay 
through the base stations 26 and 28. 

As shown in more detail in Fig. 1A. a base 
station 26 or 28, which may be a conventional 
microcomputer, has a LAN adapter 30 inserted in a 
bus slot and connected to LAN cabling 32. The 
WNM 18, typically also a conventional microcom- 
puter and including one or more direct access 
storage devices (DASDs) suCh as hard disks (not 
shown), also has a LAN adapter 34 inserted in a 
bus slot and connected to LAN cabling 32. The 
LAN adapters 30 and 34 and LAN cabling 32 
together with LAN software constitute the LAN 24. 
The LAN 24 is of conventional design and does not 
form part of the invention. The base station 26 or 



28 also has an RF transceiver adapter 36 imple- 
mented as a printed circuit card which is inserted 
in a bus slot of the base station. The transceiver 
adapter 36 includes a spread spectrum transceiver 
5 of conventional design. The transceiver adapter 38 
has an antenna 38 by which a radio link 40 is 
established with one or more remote or mobile 
stations, 10, 12. 14, or 16. The mobile station may 
itself be a hand held or lap top computer of con- 
10 ventional design and, like the base station, it is 
provided with an antenna 42 and a transceiver 
adapter 44, also implemented as a printed circuit 
card which is inserted in a bus slot of the com- 
puter. The transceiver adapter 44. like transceiver 
15 adapter 36. includes a spread spectrum transceiver 
of similar design. The base station and the mobile 
stations are further provided with software, gen- 
erally indicated by reference numerals 46 and 48. 
respectively, which support their respective tran- 
20 sceiver adapters. 

Rg. 2 shows the radio system common to both 
the mobile stations and the base stations of Rg. l. 
The radio system includes a transceiver adapter 36 
or 44 connected to the computer 50 via the com- 
puters bus interface 52. The transceiver station is 
itself divided into an RF transceiver 54, which may 
be a commercially available spread spectrum tran- 
sceiver, and a dedicated microprocessor system 
56 which controls the transceiver via an interface 
58. The microprocessor system 561urther includes 
a system interface 60 which interfaces the tran- 
sceiver section to the computer section 50. The 
microprocessor system includes a dedicated 
microprocessor 62 containing high-resolution time 
interval determination hardware or "timers" typical 
of real-time microprocessor systems. 

Microprocessor 62 is connected by a memory 
bus 64 to program storage 66 and data storage 68 
as well as to interfaces 58 and 60 providing attach- 
ment to bus interface 52 and RF transceiver 54. 
respectively. Program storage 66 is typically read 
only memory (ROM), while data storage 68 is static 
or dynamic random access memory (SRAM or 
DRAM). Packets received or to be sent are held in 
data storage 68 and communicated to or from the 
RF transceiver 54 via interface 58 under control of 
serial channels and a direct memory access (DMA) 
controller (not shown) which is part of the micropro- 
cessor 62. The function of these serial channels is 
50 to encapsulate data and control information in an 
HDLC (high-level data link control) packet structure 
and provide the packet in serial form to the RF 
transceiver 54. For more information on the HDLC 
packet structure, see. for example Mischa 
55 Schwartz. Telecommunication Networits: Protocols. 
Modeling and Analysis. Addison-Wesley (1988). 

When a packet is received through the RF 
transceiver 54, the serial channels check the pack- 
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et destination address, check for errors, and de- 
serialize the packet to data storage 68. The serial 
channels nr^ust have the capability to recognize a 
specific adapter address as well as a broadcast 
address. Specific microprocessors with appropriate 
serial channel and timer facilKles include the 
Motorola 68302 and the National HPC46400E 
microprocessors. 

The computer 50 runs an operating system 70 
which supports one or more user application pro- 
grams 72. The operating system 70 may include a 
communications manager 74. or the communica- 
tfons rnanager 74 may .itself be an application pro- 
; gram Installed on the computer. In either case, the 
: communications manager 74 controls a device 
• driver 76 via the operating system 70. The device 
driver 76, in turn, communicates , with the tran- 
; sceiver adapter 36 or 44 via bus interface 52. 

Referring to Fig. 3, an illustration showing one 
time frame of a sequence of frequency hops in- 
; eluding a' control header AH and a plurality of slots 
■ with a data transfer phase A as employed in the 
: present Inyention. ' . • * • / 

por the purpose of explanation, the embodi-* 
. . ment of the invention will have a hop consisting of 
exactly one frame. 

During the control phase the frame header AH 
containing control information is broadcast by the 
base station. The control information within AH 
includes among other data, the information neces- 
sary for stations to perform frequency-hopping and 
stay in synchronism with respect to each other. 

The data transfer phase A includes the out- 
bound data transmitted from the base station to 
mobile stations, and inbound transfer of data trans- 
mitted from the mobile stations to the base station 
in accordance with a multiple access protocol. 

The aforesaid control information within the AH 
header necessary for stations to perform frequency 
hopping is shown in Fig. 4. The addressing in- 
formation contained' in header AH as shown in Fig. 
4 includes all pertinent information required to 
uniquely identify a base station. For example, this 
could consist of a pair <NETWORK__ID, 
BASE_ID> where NETW0RK_1D is the identifica- 
tion of the network and BASE_ID is the identifica- 
tion of the base station within the network. 
T1ME_REM_IN__H0P is a parameter indicating 
the remaining time duration of this hop. A remote 
station will use this Information to determine when 
to switch to the next canrier frequency of the hop 
pattem. FRAME_LENGTH is a parameter indicat- 
ing the length of the frame. This information is 
used by remote stations to determine when to 
expect the AH header information in a sequence of 
frames. F(1 ),..., F(N) are the next N hopping fre- 
quencies. The list of N frequencies are received 
and used by remote stations for the following pur- 



poses: 

- The list of frequencies is used by a remote to 
build up and conform to the specified hop-, 
ping pattern. 

5 - The list will bo used by a remote to update 
its hopping pattern. The remote needs to 
keep track of pattern changes whenever the 
base station uses a dynamic hop revision^ 
policy for combating interference in the cell. 
?o The value of N, a syslem design parameter, is 
' 7 chosen siich that the' remote station can maintain 
synchronism with a high degree of reliability. As- 
.'y ' '^^'suming N = 4 and Header AH error rate is less 
^ . '' ttian 1 percent, the' probability of loss of all 4 
> >5 ' ' ' consecutive headers will be less than 10"*..; 

V * ' Referring to Fig. 5, the Initial pattem acquisition 
\ * ' steps are shown. When a remote is first turned on i 
; ;• ^ 'it does not know who are the surrounding bases 
' ' and what frequency hopping ' patterns they have." 
, 20 c However, it is assumed that it knows both tfie hop 
' * length and the superframe length. A remote de-' 
.-^ pends on executing ,the' algorithm shown In Fig. 5 
• ^^ In selecting Its hornet base. When a remote is first 
powered up,' it listens ;at 'a fixed frequency and 
.25 5 / searches for valid header messages from neighbor-, 
V ing bases. The indicators such as RSSI (received 
signal strength indication), HOR (header observa- 
tion rate), and LF (load factor) can be monitored. 
After a fixed period of time which is equal to the 
30 length of a superframe, it switches to another fre- 
quency and keeps on monitoring. During this moni- 
toring process, the remote keeps records on RSSI, 
HOR. and LF from each base. A number (M) of 
frequencies are examined before a remote chooses 
35 an initial home base because the remote should 
depend on average RSSI observed at several fre- 
quencies to eliminate the effect of frequency de- 
pendent fading. Besides. HOR and LF are param- 
eters which are more meaningful when they are 
40 calculated by averaging the results of several moni- 
toring cycles. 

In selecting an initial home base, different em- 
phasis can be placed on the selection criteria. 
RSSI, HOR, or LF. Methods for selecting an initial 
45 home base based on multiple selection criteria are 
known in the art. After a fixed number of (e.g.. M = 
5) frequencies have been examined and an initial 
home base is selected, the remote locks into tfie 
frequency hopping pattern of its chosen home 
50 base. 

After a remote initially acquires the frequency 
hopping sequence from its home base, it enters 
into a hopping pattern tracking phase. In this 
phase, the flow chart illustrated in Rg. 6 Is ex- 
55 ecuted. 

The remote is In a "SYNC" state after it ac- 
quires the frequency hopping sequence. At that 
point, the remote tries to look for the header mes- 
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sage in the following frequency hop. if it finds ft, it 
stays in the "SYNC" state. Otherwise, it enters the 
"MISS 1" state. At this point, it tries to looi< for a 
header again in the next frequency hop. If it finds 
it. it returns to the "SYNC" state. Otherwise, it 
enters the "MISS 2" state. This procedure of head- 
er hunting continues until N header in a sequence 
are missing. In this situation, the remote enters an 
"OUT OF SYNC" state. 

At the "OUT OF SYNC" state, the remote 
switches to a certain frequency for a prolonged 
period of time (at least the length of a superframe) 
and monitors the header transmissions from all the 
neighboring bases. If it finds the header from its 
home base, it gets back to the "SYNC" state again. 
Otherwise, it switches to another frequency and 
monitors the headers. This process of header mon- 
itoring ends when alter monitoring M frequencies 
the remote does not find a header from its home 
base. At this point, the remote chooses another 
home base and locks into its frequency hopping 
pattern. 

The method described above enables a remote 
station to keep track of its hopping pattern and 
maintain fault-tolerant F synchronization if more 
than 4 consecutive frames are missed. The logic is 
summarized in the flowchart shown in Rg. 7. In the 
flowchart. AH.F (1). AH.F (2), AH.F (3) and AH.F (4) 
con-espond to the four frequencies indicated in 
each AH header. TF is the duration of a frame (= 
hop length/number of frames per hop). The four 
RAM positions f{1). f(2), f(3) and f(4) are defined to 
give the next fr)ur frequencies to be used after the 
current frequency. 

A fault tolerant frequency hopping synchroniza- 
tion based on a memory table based approach will 
next be discussed. The main idea of this approach 
is to learn the frequency hopping pattern, memo- 
rize it and update it if necessary, using the steps 
illustrated in Fig. 8. Then if successive frequencies 
are missed, then thfe memorized table is used. 
Suppose N corresponds to the number of fre- 
quencies in the frequency hopping pattern. Let N 
RAM positions f(1), f(2), .... f(N) give the sequence 
of frequencies in the FHP. The RF modem main- 
tains a hop table. The modem first listens at a 
default frequency. f_default. The hop table is 
maintained current by updating it based on the F 
pattern information in Header AH. Dynamic 
changes to the hopping pattern are conveyed by 
the base station in every header and used by 
remote stations to update their F table. The only 
case where this scheme fails corresponds to the 
situation where a frequency is changed just after a 
sequence of four consecutive missed frequencies. 
Nevertheless, if the following frequency matches 
with the memorized one. then the synchronization 
is ensured again. Hence, the scheme is very ro- 



bust 

If a frequency hop contains more than one 
frame as shown in Rg. 9, then the implementation 
can be generalized in a straightforward manner to 

5 achieve hop synchronization described above. 

What has been described is a method fr>r peri- 
odic broadcasting of Frequency Hopping confrol 
information from a base station to a set of remote 
stations that wish to hop in synchronism with the 

70 base station. The method also provide for the ac- 
* quisttion o Frequency Hopping information by a 
newly arrived remote station (i.e., one that has 
been just turned ON) and for reliable and continu- 
ous tracking of the Frequency Hopping infonmation 

J 5 even when the broadcast control header messages 
from the base station may intenmittently be lost 
due to poor propagation conditions. 

While the invention has been described in con- 
nection with a preferred embodiment it is not in- 

20 tended to limit the scope of the invention to the 
particular form set forth, but, on the contrary, ft is 
intended to cover such alternatives, modifications, 
and equivalence as may be included within the 
spirit and scope of the invention as defined in the 

25 appended claims. 

Claims • 

1. A method for generating, acquiring and frack- 
30 ing consecutive frames for synchronization 
/ during a transmission in a multicellular com- 
munications network (24) system having base 
stations (26. 28) and a plurality of remote sta- 
tions (10, 12, 14, 16) which incorporate a tech- 
35 nique for frequency hopping wherein said base 

stations (26. 28) fransmit information to remote 
stations (10, 12, 14, 16) using a sequence of 
changing frequency hops of different carrier 
frequencies, said method comprising the steps 
40 of: 

Step 1 generating frames of data to be 
transmitted from each of said 
base stations (26. 28) to said re- 
mote stations (10. 12, 14, 16), 
45 said frames Including a header 

: portion (AH) and a data fransfer 

; portion (A). 

" ' Step 2 incorporating frequency hopping 
control information into said 
50 1 frame header portion (AH), 

! Step 3 transmitting a plurality of said 
\ frames from said base stations 

j (26, 28) to said remote stations 

.;• (10. 12, 14. 16) using a sequence 

55 'J of changing frequency hops of 

*; different carrier frequencies. 
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2. A method according to claim 1 , wherein 

said step 2 thereof of incorporating frequency 
hopping control information into said frame 
header portion (AH) includes the steps of 
incorporating the address of said base station 
(26) within the network (24). 
incorporating the time remaining in said fre- 
quency hop being used, 
incorporating the frame length of said frame, 
and 

incorporating a list of the next hopping fre- 
quencies to be used in said sequence of 
changing frequency hops. 

3. A method according to claim 1 or 2 further 

including 

a step 4, wherein a remote station (10) per- 
forms a technique for acquiring said plurality of 
frames transmitted from said base station (26) 
in Step 3 by listening to frames of information 
transmitted from different bases by repeatedly 
listening to different frequencies for fixed 
periods of time equal to a frame length, and 
selecting a home base from said different 
i>ases listened to by locking into the frequency 
hopping sequence of said selected base. 

4. A method according to claim 3, wherein 

said remote station (10) monitors and records 
indicators from said transmitted frames from 
said different bases, said indicators being the 
received signal strength indication (RSSl). the 
header observation rate (HOR) and the load 
factor (LF) from said different bases, and 
wherein said selected home base is selected 
in accordance with said indicator criteria. 

6. A method according to claim 4 including 

a synchronization technique wherein, after se- 
lecting a home base in said acquiring step of 
claim 4, said 'method performs a frequency 
hopping sequence tracking technique, said fre- 
quency hopping sequence tracking technique 
including the steps of acquiring the said fre- 
quency hopping sequence including the next 
frequency hop, seeking the header information 
in the next frequency hop transmitted by said 
selected home base, upon finding the header 
information said remote station enters a SYNC 
state of operation, upon not finding the header 
information after seeking for a predetermined 
number of frequency hops, said remote station 
enters an OUT OF SYNC state of operation. 

6. A method according to claim 5, wherein, 

when said remote station is in said OUT OF 
SYNC state in said frequency hopping se- 
quence tracking technique, said remote station 



switches to a given frequency for a given pe- 
riod of time equal to or greater than the length 
of a frame, and wherein said remote station 
monitors the header information of frames 
5 transmitted from a series of other bases of 

said network (24) and selects another base as 
a new home base when paid SYNC state of 
operation Is not achieved with a selected num- 
ber of attempts. 

10 

7. A metfiod according to claim 6 further includ- 
ing 

a technique for fault tolerant frequency hop- 
ping synchronization wherein a frequency hop 
15 table is initialized and stored in a memory 
table by storing the separate frequencies in the 
said frequency hop sequence, said method 
comprising: 

- listening at said remote station (10) for a 
20 specific frequency referred to as a de- 
fault frequency 

- updating said memory table based on 
changes In the frequency hop sequence 
data in said frame headers transmitted 

25 from said base stations. 
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